Introduction
Microchambers (MC) allowing smart encapsulation are utilized in a wide variety of applications, including not only drug delivery, but also anti-corrosion, electronics, tissue engineering and food conservation [1] . MCs offer the possibility to encapsulate active components, cells, particles [2] and have potential for drug delivery [3, 4] . Presently, MC arrays are assembled either via 3D lithography (via a multistep system of 2D lithographic processes), composite layer-by-layer systems, or polyelectrolyte multilayers (PEM) [1, 2, 5] . The fabrication of these structures is, despite the availability of layered deposition robots [6] , time and work demanding [1, 5] . Recent PEM based deposition systems need 40-60 bilayers and require 36-60 h for fabrication [5] , while larger structures (mm scale) require up to 1000 bilayers and are fabricated on the time scale of weeks [1] . Such long and complicated fabrication procedures obviate the mentioned uses and advantages, since most industrial and scientific practices prefer cheap (cents) and fast (timescale of seconds) production processes.
Besides the slow fabrication processes, cargo loading and effective sealing is another time consuming step, which is commonly performed on the timescale of dozens of minutes to hours [7] . Entrapment of small molecules (MW < 1000) remains a challenge, especially if biologically benign delivery systems [8, 9] are considered. A previously reported biodegradable solid supported drug delivery system was of sub-mm size and only capable of encapsulating polymers or hydrophobic compounds in a quantity of~0.1-0.5 mg [10] . In case of a power failure, the sealing mechanism ceased to function, causing fatal burst release of the entire payload [10] . Other systems composed out of biocompatible materials were in a similar size range, however utilized non-biologically-benign release stimuli [1, 2, 5] . Similar problems hold true for dispersed delivery systems [11] [12] [13] . Recent works on molecular membrane composition and structure of polymeric encapsulation systems demonstrated the need for hydrophobic wall materials to encapsulate small hydrophilic molecules [14, 15] . Polylactic acid (PLA) is a hydrophobic polymer regularly utilized in sealing macroscopic structures due to its outstanding barrier-properties [16] . At the same time PLA offers outstanding biologically-benign and biodegradable properties making it suitable for implants and it is classified as generally recognized as safe (GRAS) by US Food and Drug Administration (FDA) [17] . Recent miniaturized PLA based MC arrays were only shown to allow cargo release with the use of high intensity focussed ultrasound (HIFU) [18, 19] . HIFU based release stimuli are unable to address specific cells due to simultaneous opening of hundreds of chambers in an area of 500 × 500 μm 2 [18, 19] .
Drug delivery to isolated cells remains a challenge. This is especially the case if structures of cells (e.g. every second cell), resting on a solid support are to be targeted. Such applications require until now extensive investments in equipment. In this study, we encapsulate small hydrophilic fluorescence dye Rhodamine B (RhB) and the bioactive antibiotic molecule doxycycline (DOX) within individual PLA MC. These molecules are released via photothermal opening of isolated MCs. The controlled addressing of single target cells allows in addition release from controlled patterns of cells within large cell populations. The effective amount of administered bioactive substance delivered to isolated cells is determined by enhanced green fluorescent protein (EGFP) [20] expression in selected target cells upon DOX exposure, which is controlled via the tet-on system in the genetically modified cells. It is also measured by the fluorescence spectra of released RhB.
Materials and methods

Patterned PDMS stamp fabrication
For patterned polydimethylsiloxane (PDMS) stamp (Elastosil RT 602, Wacker, München, Germany) fabrication, the PDMS base and curing agent were mixed at a ratio of 9:1, degassed for 30 min using a vacuum, poured onto the silicon masters and cured for 1 h at 70°C. The silicon masters were produced via standard optical lithography (Shenzhen semiconductor, Shenzhen, China), whereby spherical pillars were exposed on the silicon masters. Two silicon masters were utilized in this study, both with a pillar height of 4 μm, while silicon master 1 utilized a pillar diameter of 10 μm with a centre to centre distance of 25 μm, and silicon master 2 utilized a diameter of 5 μm with same centre to centre distance (supporting information (SI) Fig. S10 ).
PLA microchambers fabrication
Biopolymer PLA (3 mm granule, Mw~60,000) purchased from Sigma, (Merck, Darmstadt, Germany) was used. PLA was dissolved at 1, 2, 3, and 5 wt% (m%) in chloroform. PDMS stamps with microwell arrays on surface were dipped for 5 s into PLA solution and removed at pull-out speeds from 0.5 to 80 mm/s using two homemade electrical devices. Device one is using an air pressure valve [6] withdrawing the PDMS stamp at 80 mm/s, and device two used a computer controlled linear stage [19, 21] performing pull-out speeds from 0.05 to 4 mm/s.
PLA microchambers functionalization
Gold nanofilm coating of the PLA MCs was performed by sputter coating the PLA thin film in vacuum with gold nanoparticles utilizing a commercial sputter coater (SC 7620, Quorum, Laughton, UK). Sputtering times of 30 s (s) and 45 s were utilized to create a thin gold nanoparticle film on top of the PLA microchambers for SEM investigations and for photothermal heat creation. Gold nanorods were prepared based on reference [22] assembled according to reference [23, 24] on top of spherical particles for microscopic temperature measurements performed according to reference [25, 26] .
Drug loading and MCs sealing
Drug loading was performed by immersing the PLA coated PDMS stamp into RhB (0.2 mg/mL in water) or DOX solution (aqueous solution 10 mg/mL), sonicating the sample for 30 s at 37 kHz using an ultrasound intensity of 0.087 W/cm 2 Elmasonic 15H (Elma Schmidbauer GmBH, Singen, Germany), and subsequently wiping the solution not immersed into the MC with fuzz free lab wipes away. The drug solution was dried in air around 3 mins, and sealed by printing the MC against another (flat) PLA film utilizing a force of 2 N/cm 2 . Free standing films can be produced by simply delaminating the sealing film with PLA MCs on top from a flat PDMS sheet pre-coated with a PLA thin film (Fig. 1A) .
Engineering C2C12 myoblasts as doxycycline reporter cells
C2C12 cells were engineered by lentiviral infection to express the tetracycline responsive repressor (TetR-KRAB) [27] and activator (rtTA-2SM2) [28] from a single expression cassette [29] in addition to EGFP from a tetracycline responsive promoter as previously described [30, 31] .
C2C12 myoblast cell culture on PLA MC
To prepare the chambers for cell settlement, the PLA microchambers were pre-coated with a gold nanofilm by sputter coating for 1 mins, then dipping them into PEI solution 15 mins (2 mg/mL, at a salt (NaCl) concentration of 0.5 M) to generate the first anchoring layer with high density of positive charges on the PLA chambers. Followed by three washing with DI water to remove all non-adsorbed macromolecules followed by dipping the PLA chambers into collagen (0.5 μg/ mL in PBS solution) for 1 h. Then the chambers were sterilized by UV light for 20 mins. C2C12 rat myoblast cells were obtained from European Collection of Animal Cell Cultures (ECACC, Porton Down, UK). They were cultured in DMEM supplemented with 10% FBS and 1% penicillin−streptomycin containing 5% CO 2 /95% air at 37°C. The cells were seeded in 4-well plates with 1 × 10 4 cells per well on the top of polylactic acid (PLA) microchambers The solution above the PLA microchambers in the Petri dish was removed completely before adding the cells and adding new culture medium. The cells were incubated for 24 h.
C2C12 myoblast cell staining
C2C12 myoblast cells were washed with PBS three times, fixed in paraformaldehyde (4%, 10 min) and permeated with Triton X-100 (0.2%, 5 min). Cells were then incubated in TRITC-Phalloidin (1:1000) and DAPI (4,6-diamidino-2-phenylindole, 1:1000) in PBS and kept at room temperature for 1 h. The myoblast cells were finally washed again three times with PBS and viewed with a Leica DMI4000 fluorescence microscope.
Characterization techniques
Scanning electron microscopic (SEM) images were acquired with a FEI Quanta ESEM, electron microscope (FEI, Hillsboro, USA). The utilized accelerating voltage was 10 kV, spot size 3.5, and the working distance was~10 mm. Prior to SEM imaging, a~10 nm thick~45 s sputtering time particulate film of gold was sputtered onto the samples to ensure conductivity. Transmission electron micrographs were obtained using a Jeol 2100, Tokyo, Japan. The microscopic temperature measurements based on Brownian motion of microparticles with similar optical properties compared to gold sputter coated MCs were performed according to references [25, 26] . Cells were imaged with an inverted epi-fluorescence microscope (Olympus IX-71 in bright field and fluorescence mode. Cells were counted in the images with ImageJ [32] via integrated plugins, while the significance was determined with the students t-test in Origin 9.1.
Setup for laser based release of cargo from MCs to cells
Microscopic observation as well as laser release measurements were performed in an inverted epi-fluorescence microscope (Olympus IX-71, Olympus, Tokyo, Japan). The cells were cultured in petri-dishes with a thin glass bottom to allow for 60× zoom objectives to visualize the cells (Fig. S9 ). In this process, a continuous wave near-infrared (NIR) laser diode (LD830-MA1W, maximum output 1 W, wavelength 830 nm, Thorlabs inc., Germany), was coupled into the microscope, as shown in Fig. S9 . First, the divergent laser light exiting the diode was collimated by an aspheric lens f = 4.51 mm (A230TM-B, Thorlabs inc. Germany). After laser beam expansion by factor 3 within an anamorphic prism pair (PS879-B, Thorlabs inc., Germany), the laser beam was directed by a two mirror periscopic system into the microscope side infinity port. Then NIR laser light was guided into the objective by a short pass dichroic mirror 805 nm (DMSP805, Thorlabs inc., Germany). The utilized objective was an infinity corrected LUC Plan FLN 60×/0.7 Ph2 (Olympus, Tokyo, Japan).
EGFP fluorescence excitation was induced by a metal arc lamp (Lumen 200, Prior Scientific, Inc., USA) with a standard GFP filter cube (U-MNIB, excitation 470-490 nm, a long-pass dichroic mirror with a cut-on wavelength of 505 nm and a barrier filter of 515 nm, Olympus, Tokyo, Japan). EGFP emission was collected by the same objective that also focuses the MC opening laser. The light was then focused on the CMOS camera monochrome sensor (DCC3260M, Thorlabs inc., Germany) by an f = 180 mm tube lens. Utilized laser power was set to 12.5 mW. Please note that this low laser power is able to open the chambers due to longer exposure times and higher objective collimation compared to the system mentioned in Fig. 3 and Section 3.3 which utilizes a 40 × APO objective for better comparison with adjacent chambers and cargo visibility. The laser for cell release was focused onto a diffraction limited spot. Laser exposure time on single MCs was controlled via a manual shutter (SI Fig. S9 ), while the CMOS camera sensor was protected by an NIR barrier filter. During the whole experiment, the petri dish with the C2C12 cells was located inside a thermostatic chamber (inucp-kri-f1, Tokai-Hit, Japan) which maintained the temperature at 37°C. Within this thermostatic chamber time traces of cells (a photo every 30 min) were performed to determine cell migration.
Defined element simulations
Comsol Multiphysics 4.3a, (Comsol, Stockholm, Sweden) simulation software package was used to simulate the MC photothermal heating, as well as thermal dissipation within the chamber itself. The irradiated area was defined as a plate which experiences light flux corresponding to the experiments. Physical values were obtained via the program internal database table and reference [33] .
Results and discussion
PLA MC fabrication and characterization
PLA based MCs with nanometer thin membranes were created by one-step dip-coating lasting 5 s [19] . In this process polydimethylsiloxane (PDMS) stamps with microwell patterns (4 μm height with a diameter of 5 and 10 μm and a centre to centre distance of 25 μm) were immersed into PLA solution and withdrawn at constant speed (supporting information (SI) Fig. S1, S2, Fig. 1A ) [19] . Changes in PLA solution withdrawal speed influence the deposited films thickness up to 20%, therefore films were produced at a constant (80 mm/s) withdrawal speed (SI Fig. S1A ) [19] . Produced film thicknesses depended strongly on the PLA solution concentration, and ranged from 150 ± 30 nm (standard deviation (SD)) for 1 mass percent (m%) solution to~7 μm for 5 m% solution (SI Fig. S1B and Fig. S2 ) [18, 19] . PLA thin films manufactured up to a 3 m% PLA solution were the exact replica of the PDMS stamps.
Encapsulation of the small hydrophilic cargo
Loading and encapsulation of the small hydrophilic molecule Rhodamine B (RhB) (fluorescence dye (479 Da) into the MCs@PDMS (MCs on PDMS stamp before sealing - Fig. 1A ) was achieved by air drying within the MCs for about 3 mins (Fig. 1C, E) [18, 19] . To determine the loaded amount of cargo per chamber, electron micrographs (Fig. 1C), SI Fig. S3 A) , B)) were used to determine loaded particle volume. The particle volume (ν) was multiplied with its density (ρ) according to Eq. 1 to determine the cargo amount (mass (m)) per chamber.
The loaded drug amount per microchamber was for RhB 12.5 ± 6 pg (SD), resulting in a total loaded amount of 2 ± 1 μg (SD) for 160,000 MCs on 1 cm 2 . The different precipitation behaviour between DOX (444 Da) and RhB resulted in, despite the utilization of smaller MCs for DOX, larger encapsulated amounts (~67 pg per MC) (Fig. 1) . The encapsulated amount in these MCs is 6-7 order of magnitudes lower compared to previous MC arrays [1, 10] . Such a low amount of encapsulated material seated in a micrometer sized chamber is able to address single cells, without disturbing neighbouring cells or tissue [11] . In a following step, the MCs were sealed by printing the filled MCs onto a flat PLA coated PDMS slide. This process retains the hollow MC structure as shown by a focused ion beam cut MC (SI Fig.  S3 ). It is noted that this manufacturing process is~2000 times faster than for "leaky" polyelectrolyte multilayer based MCs (1, 5, 14) . In contrast to polyelectrolyte multilayer capsules, this technique allows for stable encapsulation on a tested time scale of up to 3 weeks [19] .
Photothermal effects and cargo release
Once entrapment of small water soluble molecules was achieved, the controlled release was examined [34, 35] . Most surfaces utilize elution based approaches which produce a constant drug release e.g. via self-polishing polymeric systems [36] . In previous attempts, control mechanisms of release from sealed millimetre based chambers were limited to magnetic fields, electrical current, mechanical impact, biodegradation, diffusion and pH [1, 10, 37] . Sealed MCs could previously only be unsealed via ultrasound [1, 19, 36, 38, 39] . By contrast, dispersed drug formulations for bioactive molecules utilized controlled release via ultrasound, osmosis, microwaves, temperature, pH and (infrared) laser [34, [40] [41] [42] [43] . Amongst these release mechanisms, near infrared (NIR) laser based drug release operating in the "biological window" is considered the most precise and applicable method for release of drugs close to the surface [44, 45] . Controlled local delivery and NIR laser triggered release of low amounts of cargo by dispersed drug delivery systems were shown to kill cancer cells [46] [47] [48] .
Gold nanoparticles (GNP) are not only biologically benign but also ubiquitous in medical materials [49] [50] [51] . GNP offer plasmonic excitations, allowing efficient light harvesting and local photothermal heating [42] . This local temperature rise around metal nanoparticles causes confined PLA melting to release drugs from isolated MCs without damaging surrounding tissue or neighbouring MCs [44, 52, 53] . In common polyelectrolyte multilayer (PEM) based systems, gold nanoparticles are positioned onto the surface by electrostatic self-assembly [26, 44] . Such an approach is not possible with uncharged PLA, therefore gold nanoparticles were sputtered onto the PLA thin film. Sputtering times below 30 s led to isolated nano-particles (single particle regime) with poor optical properties, whereby 45-60 s caused a dense Fig. 2 . Photothermal properties of PLA MC. A) SEM image of gold nanoparticles coated PLA MC on a solid substrate. B) TEM micrograph of sputtered gold nanoparticle film on the PLA MC. C) Absorption spectra of pristine and gold coated glass slide. D) DFE (defined finite element) simulation of photothermal laser heating of a single MC, the white spot in chambers' top centre is the area of laser irradiation which is the hottest point of the MC. monolayer of particles (particulate monolayer regime). A sputtered monolayer of gold ensures a homogeneous and dense distribution of gold nanoparticles in the size of 3 to 25 nm (broad distribution due to film formation) (Fig. 2B ). Such a dense particle placement is important, since GNP's optical properties strongly depend on plasmon resonance and plasmon -plasmon coupling which results in red-shift of the absorption band due to the inter-particle distance dependence of plasmon coupling [54] . The small observed particle size suggests the strong NIR absorption to be caused mainly by low inter-particle distances, which is confirmed by the majority of particles touching other particles (Fig. 2B) . If two particles are in the proximity of a particle diameter, their photothermal heating sums up, pointing out significant cumulative effects of the nano-particulate gold film [44, 46] . A dense placement of isolated particles was reported by others to allow for drug release and delivery to cells as well, proving that a complete film is not mandatory [55, 56] .
Utilizing defined finite element simulations, a temperature increase at the centre of the laser spot (2 μm diameter) with a thermal dissipation away from the focus of the laser is determined. The temperature rise calculated for 60 mW laser power is in the range of 100 K (Fig. 2D) . To ensure accurate measurements on the achieved laser heating, Brownian motion measurements [57] in an optical trap were performed [46, 58] . These microscopic temperature measurements demonstrated heating close to 80 K (97 ± 2.5°C) at 55 mW laser power (SI Fig. S4 ). This laser power was the maximum measureable light flux in the optical trap due to vapor bubble generation. Determined temperature range is comparable with the one from numerical simulations in Fig. 2 however significantly above dye based measurements, due to the measurement limit of thermosensitive dyes [59] . The PLA-GNP film composite evaporated violently at 0.5 W laser power (temperature~360°C) [60] (SI Fig. S5 ).
For cargo release experiments (Fig. 3) , a microscope shutter was manually opened for one to several seconds (depending on used laser intensity). MCs produced with 1 m% PLA were readily opened with 55 mW laser power utilizing a TEM00 single mode laser (see Fig. 3 and SI Video S1) and one second exposure time. The laser power was comparable to values reported for PEM thin films [44] . For thicker PLA layers assembled at 2-3 m% PLA the laser power had to be increased to 99 mW via a multimode laser. If one linearly extrapolates the simulated temperature as well as the temperature determined by Brownian motion measurements (Fig. 2) , values close to the melting temperature of PLA (170-180°C) are obtained [17, 33] .
The lower temperature required for unsealing PLA films of nanometer thickness fabricated at 1 m% PLA are most likely a result of the temperature of the GNP themselves, which can reach several hundred Kelvin. The local temperature was therefore higher than composite systems~10 times the GNP diameter [57, 61] .
Loaded and sealed cargo stays in a precipitated state within an air bubble [18, 19] , until the microchamber is opened. Then the cargo subsequently dissolves within 15-17 s in water (Fig. 3, SI Fig. S5, S6 , SI Video S1 (recorded at 1 FPS)) and diffuses into the surrounding media. The utilized laser wavelength did not bleach the RhB, since no absorption is present at 808 nm (SI Fig. S4 ) [62] . This view is supported by the absence of release from laser irradiated gold-free RhB containing MCs, in which no changes in fluorescence were observed. RhB is thermally stable for 20 h in autoclave conditions (150-180°C), therefore no thermal damage of the dye cargo from exposure to temperatures around the glass transition or melting temperatures of polymers is expected [14] .
Laser based administration of bioactive substances to single cells
PLA allows C2C12 cell growth on its surface which correlates with earlier work reporting chondrocyte growth on PLA and its use as implant material (Fig. 1D, E, Fig. 4 ) [63] . Cells were found to spread similar to flat substrates, and settle preferably in the areas between chambers where flat PLA is present (Fig.1) . Some cells were found to stretch over a MC without changes in spreading shape or size, due to the cells being significantly larger compared to the MCs and the large amount of flat area between the MCs. The findings are in agreement with recent reports of cellular spreading on flat areas [64, 65] . In Fig. 1 frequent stretching of cells from the base of 1 pillar to a the base of a second pillar is observed, which stems most likely from increased anchoring on the corners of the pillars, while the flat area enables the cell to spread. Such a finding is surprising, as it fuses the seemingly infusible advantages of flat surfaces allowing spreading, with the advantage of rough surfaces supporting anchoring without having a disadvantage of either of them [65] .
In this context it is important to point out that C2C12 cells were observed to migrate randomly up to 15 μm within 24 h as Video S2 and SI Fig. S8 demonstrate. This migration speed is low enough to correlate opened chamber position with the addressed cell. Like RhB, DOX can be loaded into MCs (Fig. 1) , and was utilized as bioactive substance in this study. When C2C12 cells are exposed to DOX (Video S3), it activates EGFP expression via the tetracycline responsive promoter (P tet ) [27, 30] . If DOX is present, P tet is activated by rtTA-2SM2, whereas it is actively switched off in the absence of DOX by binding of the repressor tet-R-KRAB [28] .
In previous studies these C2C12 cells engineered with the tetracycline responsive system were shown to be highly responsive to DOX [31] . This sensitivity makes them a good evaluation tool for biomedical cell targeting from MCs, as well as determining quantitatively the amount of released DOX. This gene regulation system is known to be sensitive to < 10 pg/mL DOX in DTF cells [31] . Therefore this high sensitivity is exploited here, where the release of picograms of DOX caused individual cells to respond with EGFP expression (Figs. 4 and 5) .
To determine the efficiency of this addressing approach, releaseresponse experiments were performed. Cells demonstrating EGFP expression within the cellular boundary and being next to an opened chamber are considered "positive", non-addressed non-EGFP expressing cells "negative", EGFP expressing non-addressed cells "false positive" and addressed not EGFP expressing cells "false negative".
Due to high cell sensitivity to DOX, no "false negative" cells were observed (Fig. 5) . 22% of the cells were identified as "false positive", which may have been contributed to by daughter cells containing EGFP in their cytoplasm following division (Fig. 5) . The determined cell response toward DOX and therefore the difference between false positive and DOX release is significant (t-test p < 0.05). A steep DOX concentration gradient, which falls off according to Eq. (2) (Fig. 5E) , is responsible for the high sensitivity of addressed cells.
Here C is the local concentration with C 0 being the source concentration in the MC and r being the distance from the MC. Within one cell diameter (10 to 30 μm depending on cell diameter), the concentration decreases by factors of 2 to 10. Cell EGFP fluorescence response in various DOX reference concentrations (Fig. 5F ), as well as in response to DOX released from MCs was evaluated. The determined minimum concentration for EGFP expression is in line with the literature [30] , in that a DOX concentration for maximum EGFP response was determined, after which the cell viability and therefore the EGFP expression and cell density decreased. It was noted that an opened MC between two cells is able to promote gene expression in both adjacent cells.
One chamber is able to facilitate EGFP expression in at least one cell. To avoid release of excess doxycycline, it has to be avoided to open multiple chambers next to each other and keep a minimum distance of at least two MC positions to each other. In experiments opening of several adjoined MCs resulted in EGFP expression within multiple nonaddressed cells in the microscope field of view, leading to a failure of precise cell targeting. This effect is explained with diffusion emerging from multiple MCs smearing out the DOX gradient (rendering Eq. (2) invalid), and surpassing the local threshold of EGFP expression. Such an observation is caused by a C2C12 cell sensitivity to DOX of < 100 ng/ mL [22] (determined by free DOX within cellular media (SI Figs. S7 and 5F)). Other discrepancies between fluorescent cell position and opened MC are explained by cell migration, which can be up to 15 μm and influence also the final cell shape (SI Video S2, SI Fig. S8 ). To determine the exposure concentration, it is therefore important to take the initial cell positions and not the final cell position into account (SI Fig. S 8) . The cell migration was found to be random and for cells at low density, To investigate the possibility to deliver cargo to structures of selected cells within a larger population, cells in a horseshoe shaped area were addressed by opening MCs at distances of least 2 MC's away from each other (30 μm distance) (Fig. 5) . Such a minimum separation distance was necessary to prevent release of excess DOX. The DOX concentration at a neighbouring cell must be < 100 ng/mL to reduce amount of false positives as well as to correlate the final cell position after 24 h with the selected MCs. As depicted in Fig. 5A -C) cells respond to released DOX with fluorescence in the addressed pattern.
Conclusions
Fabrication of hydrophobic biocompatible and biodegradable cargocontaining PLA-MCs was demonstrated. These were manufactured by a time efficient single-dip-coating step followed by solution drying within the MCs. These MCs allow for encapsulation of small hydrophilic molecules in a precipitated state within air bubbles. Due to an air and water tight sealing of the MCs, these conditions were maintained after submerging the cargo loaded MC array into aqueous conditions for up to 21 days [19] . GNPs incorporated into the MC walls serve as light harvesting centres and allow for NIR triggered MC opening based on photothermal effects. Photothermal heating of 80 K and 100 K was determined by Brownian motion measurements and defined finite element simulation respectively. Achieved photothermal heating was sufficient to unseal the MCs and release encapsulated cargo. The entrapped amount of DOX was determined via fluorescence spectroscopy, precipitate size and density as well as via local administration to isolated reference cells. The released amount was determined to be 80% of the encapsulated amount.
Release of biomedical cargo from single MCs allows for addressing isolated cells, also within structures, thus revealing new technique for potential neural implant patterning (directed neural cell growth), bioanalytics (determining necessary effective concentration of bioactive cargos for biological effects), cell migration with respect to substance exposure (attracting immune cells to cancer cells), hormone (e.g. insulin) releasing implants and stent coatings [1, 38, 39, 66] (delivering thrombin in case of a coated stent treating pseudoaneurysms, or heparin in case of conventional stents). Supplementary data to this article can be found online at https:// doi.org/10.1016/j.jconrel.2018.02.044.
